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The paper formulates the Standard Model with massive fermions without 
introduction of the Yukawa interaction of Higgs bosons with fermions.  
For SU(3) ×  SU(2) ×U(1) invariance to be preserved in the newly stated theory, the 
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With such approach, Higgs bosons are responsible only for the gauge invariance of 
the boson sector of the theory and interact only with gauge bosons W , Zµ µ± , gluons 
and photons. 
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The papers [1], [2] offer the Standard Model in the modified Foldy-
Wouthuysen representation.  It has been shown that the theory formulated in the 
Foldy-Wouthuysen representation does not require obligatory interaction of Higgs 
bosons with fermions to provide SU(2)-invariance, while preserving all theoretical 
and experimental implications of the Standard Model obtained in the Dirac 
representation.  The present paper goal is to give a similar formulation of the 
Standard Model in the Dirac representation with massive fermions meeting the 
requirements of the gauge invariance and SU(2) - invariance.  
The paper uses the system of units with 1; , ,с х p A= ==  are 4-vectors; the 
inner product is taken in the form 
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0 0 5
, 0,1, 2,3; 1,2,3; ; ;
1, 0












µ µ µ µ
µ
µα γ γ α β γ α γ γα µ
∂ ∂= = − = = = ∂ =∂ ∂
== = = − = =
 
Consider, in brief, the Foldy-Wouthuysen (FW) representation [3]. Foldy-
Wouthuysen Hamiltonian, FWH  and Dirac Hamiltonian, DH are interrelated with 
unitary transformation. In the paper [4], the author offers the relativistic 
Hamiltonian FWH  in the form of a series of the coupling constant powers, which 
gives an opportunity to consider quantum-field processes in the FW representation 
within the perturbation theory (see [1], [5], [6]). The author also offers the 
modified Foldy-Wouthuysen transformation (see [1], [7]) to take into account 
interaction of real particles with antiparticles.  
In the modified FW representation, fermions can be in two states 
characterized by the sign of the third component of the isotopic spin ( 3fТ ), or, in 
other words, by the sign appearing before the mass term of Dirac equation. Real 
fermions 2 2( )f fp m= of a certain sign of 3fT  can interact with each other; real 
antifermions of a certain sign of 3fT  can interact with each other also; however, real 
fermions of a certain sign of 3fT  can interact only with real antifermions of opposite 
sign of 3fT , and vice versa. 
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Return now to the main goal of this paper once again. Consider the free 
Dirac’s Hamiltonian density of the following form: 
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One can see from (1) that the free Hamiltonian density written in such a form is not 
SU(2) – invariant because of the mass term present. 
Consider the FW representation1 of (1) resultant from the unitary 
transformation  
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iσ  are Pauli matrices in  expressions (2).  
 To obtain Dirac matrices in the chiral representation, the unitary 
transformation operator is to be written in the form [8] 
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Upon transformation, the density of Hamiltonian (1) can be written as 
( ) ( )† † 0† 0 0† 0 † 2 2ψ α β ψ ψ α β ψ ψ β ψ+ = + = +G G G G GD f D D FW FW f FW FW D D f FWp m U U p m U U p m    (3) 
One can see from the structure of expression (3) that, in contrast to Dirac’s 
Hamiltonian, free Hamiltonian in the FW representation changes in the same way 
under SU(2) transformations independently of whether the mass term is present, or 
not. 
We can demonstrate (see [1], [2]) that the fermion Hamiltonian in the FW 
representation is SU(2)-invariant. Really, the density of Hamiltonian in the FW 
representation for free motion, for example, can be written as  
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regarding that the left and right projection operators in the FW representation are 
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Expression (4) written above shows that free Hamiltonian in the FW 
representation is SU(2)-invariant. Since the FW transformation is unitary, it follows 
from (3) that the SU(2)-invariant form of Dirac’s Hamiltonian also exists  
independently of whether the mass term is present, or not. In order to find it, 
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Expression  (5) is written with regard to 
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The expression in the right-hand part of (5) differs from the standard free Dirac’s 
Hamiltonian, however, the difference is apparent. In fact, field operators ψ ( ,x tG ) in 
the quantum-field theories are expanded in series with respect to either positive- 
and negative-frequency solutions of the free Dirac equation, or solutions of the 
Dirac equation in static external field [9].  
 For the latter, expansion ψ ( ,x tG ) can be written in the form:  
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In expression (6),  
( , )b p s  is the electron annihilation operator; 
( , )d p s+ is the positron creation operator; 
u( , ), v( , )p s p s  are solutions to the free Dirac equation  for 0 0p > and 0 0p <  , 
respectively; ( ) ( )u( , ) 0, v( , ) 0µ µµ µγ γ− = + =p m p s p m p s . 





αG G provides a non-zero 
contribution to the right-hand part of equation (5).       
The even operator, by definition, equals [10] 
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Hence, 
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So, on the one hand, we wrote Dirac’s Hamiltonian in its SU(2) – invariant 
form, which is independent of the presence, or absence of the fermion mass term 
(the left-hand part of equation (8)) and, on the other hand, we can return at any 
time, if necessary, to the standard form of Dirac’s Hamiltonian (the right-hand part 
of equation (8)). 







ψ α ψG G  we need to change the form of the space component of 
covariant derivative Dµ  and the rule of transforming boson gauge fields ( )B xµ  
during local gauge transformations of fermion fields ( )xψ . 
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instead of the typical definition  
0
, ,D iqВ where qµ µ µ µ
∂= ∂ − ∂ = −∇
  is the coupling constant. 
Then, under local gauge transformation Uψ ψ′ =  the requirement of the gauge 
invariance, ( )g gD U Dµ µψ ψ′ ′ =  is met with the use of the following rule of 
transforming fields Вµ :  
( ) 1 1giВ U U UВ Uqµ µ µ′ − −= − ∂ +         (10) 
For transformation ( ),i x tU e χ= G  
( )1 gВ В qµ µ µ χ′ = + ∂           (11) 
As a result, for each fermion field we are now able to write the gauge- and SU(2) –
invariant densities of Lagrangian and Hamiltonian, independently of whether they 
have mass terms, or not: 
ℒ f g fDµµψ γ ψ=           (12) 
ℋD 2† †2f f f fE p q Вp µµψ α ψ ψ α ψ= +
G G         (13) 
Further, we can turn to the Foldy-Wouthuysen representation and obtain the gauge-
and SU(2) – invariant density of Hamiltonian  and the motion equations for fermion 
fields in this representation. 
ℋFW ( ) ( ) ( ) ( )( )† † ' 2 ' 3 '1 2 3ψ β ψ ψ ψ= + + + +…f f f fFW FWFW FWE qK q K q K    (14) 
( ) ( )( )' 2 ' 3 '1 2 3f FW f FWi E qK q K q Kt
ψ β ψ∂ = + + + +∂ …      (15) 
 Generalization of the covariant derivative (9) does not change the gauge 
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invariability of tensor v v vB B Bµ µ µ= ∂ −∂  in transformations (10), (11). 
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 Thus, the Standard Model can be formulated without the requirement of 
obligatory interaction of Higgs bosons with fermions, however, with SU(3) ×  SU(2) 
×U(1)-invariance and all its theoretical and experimental implications and 
applications preserved.   In such a case, Higgs bosons are responsible only for the 
gauge invariance of the boson sector of the theory and interact only with gauge 
bosons , ,W Zµ µ±  gluons and photons.  
 Fermion masses are introduced from outside in this statement of the theory. 
The theory has no vertices of the Yukawa interaction of fermions with Higgs 
bosons and, therefore, there are no processes of scalar boson decay into fermions 
( )H f f→ , quarkonium states , ,ψ θϒ  including Higgs bosons are absent, there are 
no interactions of Higgs bosons with gluons ( )qqH  and photons ( )Hγγ  via fermion 
loops, etc. 
 The proposed version of the Standard Model is, most likely, renormalizable, 
because the theory’s boson sector remains mass less up to introduction of the 
Higgs mechanism of spontaneous violation of symmetry and quantum 
electrodynamics with a mass less photon and massive electron and positron is the 
renormalizable theory.  Nevertheless, profound analysis is required to answer the 
question of whether the proposed version of the Standard Model is renormalizable, 
or not.  
 Of course, potential results of future experiments on searching for scalar 
bosons using the CERN’s Large Hadron Collider would provide direct verification 
of the conclusions made in the paper concerning the formulation of the Standard 
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